Abstract: Artemisia species, widespread in nature, are frequently utilized for the treatment of diseases such as malaria, hepatitis, cancer, inflammation, and infections by fungi, bacteria, and viruses. Furthermore, some Artemisia constituents were found to be potential insecticides and allelopathic chemicals. This genus is receiving growing attention presumably due to: (i) the diversified biology and chemistry of the constituents, (ii) the frequent application in traditional medical practice, and (iii) the rich source of the plant material. This review summarizes mainly the biological results obtained in the past decade. The significance and trends in this field are briefly discussed.
Introduction
The genus Artemisia L., one of the largest genera belonging to the Compositae family consisting of more than 350 species, is predominantly distributed in the northern temperate region of the world in the 0-50cm precipitation area. As summarized by different groups (1-3), many species have been used since ancient times as folk remedies for some treatment purposes (reducing phlegm, relieving cough, invigorating blood circulation, stopping pain, inducing sweat, diuresis, antihypertension, anthelminthic, antitoxic, and antiallergy). According to the literature, over 260 Artemisia species have been investigated to reveal that they contain many classes of secondary metabolites including terpenoids, flavonoids, coumarins, glycosides, sterols, and polyacetylenes.
During the intensive investigation of the chemical components of Artemisia genus, much renewed attention was paid to bioactive constituents. As reported, some substances from the genus were shown to be antimalarial, antiviral, antitumor, antipyretic, antihemorrhagic, anticoagulant, antianginal, antioxidant, antihepatitis, antiulcerogenic, antispasmodic, anticomplementary, and interferon-inducing. This article deals principally with bioactive constituents characterized in the past decade from Artemisia species in order to obtain a better understanding of the biological significance of this large Bioactive compounds found in this genus include mono- (23) (24) (25) and sesquiterpenoids (1-22), flavonoids , coumarins (59-64), isoprenylcoumaric acid derivatives (65) (66) (67) (68) , caffeoylquinic acids (70) (71) (72) (73) , acetylenes (74-77), sterols (78, 79) , a phenoxychromene (57), an acetophenone glucoside (58), a phenylpropene (69), methyl jasmonate (80) , and ytocopherol (81) . The plant sources and bioactivities are summarized in Table 1 , and the biologically active parts and fractions in Table 2 .
Antimalarial
Mainly due to the multidrug resistance de"eloped by Plasmadium species, malaria remains a serious problem with approximately 300 million cases annually in the world (83, 84) . As shown in Table 1 , the antimalarial constituents from Artemisia L. are sesquiterpenes, coumarins, and polymethoxyflavones.
The renewed attention to artemisinin (1) and its related compounds indicate that the antimalarial mechanism of this class of drugs is based on an unusual mode of action leading to the alkylation of malaria-specific proteins (90). Quite interestingly, artemisinin was also detected in A. apiacea (87) and A. lancea (88) . This disclosed clearly that the presence of artemisinin is not limited to A. annua. To some extent, screenings of other Artemisia species for the artemisininrelated compounds are desired for broadening the source of these valuable products particularly when the synthesis of them is very costly. Some flavonoids 26-29, possessing weaker activities against Plasmodium falciparum, can potentiate the antiplasmodial activity of artemisinin (4). This finding suggested a possible way for increasing the effectiveness of artemisinin and its analogues. Other antimalarial constituents, 1(St)-hydroxy-a-bisaboloxide A acetate (22) and isofraxidin (61) , were obtained from A. abrotanum (8) . However, the mechanism and the dependence of the antimalarial activity on the structure are still obscure.
Antitumor
The antitumor natural products characterized from Artemisia genus include mono-and sesquiterpenes and phenolic compounds. Artemisinin (1) and its semi-synthetic analogues have been disclosed to possess stereochemistry-dependent cytotoxicity (86) . A continuation of this topic is desired for the understanding of quantitative structure-activity relationships This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. On bioautographic assay and minimum amounts (in py) of 74 required for the growth inhibition were: 1.25 (Cladosporium cucumrinum), 25 (21), also showed antitumor activities (Table  1) . But more investigations are needed for the insight into the mechanism and the structure-activity relationship. Capillarisin (57), the only 2-phenoxychromene derivative found so far in the Artemisia genus, and its semi-synthetic analogues exhibited in vivo antitumor activities (24) . A recent review described the distribution of 2-phenoxychromene compounds in the plant kingdom (95).
Antiviral
The antiviral constituents from Artemisia species were limited ________________ --------to plant sterols and acetylenes (25, 96 However, more pharmacological investigations are necessary for evaluating the potential as antihepatitis and hepatoprotective agent(s).
Antifungal
The search of novel antifungal agents has become an urgent task because the incidence of opportunistic systemic mycoses is increasing remarkably (97). As given in fungal constituents from Artemisia species include flavonoids, polyacetylenes, and sesquiterpenes. However, caution has to be taken in comparing their antifungal activities obtained on different bioassay models. The polyacetylenes 74 and 75 have been found to exhibit antifungal activity against plant and human pathogenic fungi. It seems that acetylation of the hydroxy groups can diminish the antifungal activity (21, 22) . Further work in this respect will be helpful for understanding the dependence of the activity on the structure.
Antibacterial
Antibacterial substances characterized from Artemisia species were monoterpenes, flavonoids, and sesquiterpene lactones. A well-known antiprotozoal drug, a-santonin (13), showed a strong antibacterial activity (39). Artemisinic acid (4), a precursor for the semi-synthesis of artemisinin (1) 
R1=HR2=R3=caffeoyl
gave hints for broadening the applications of these two important Artemisia constituents.
Anti-inflammation
As indicated by Tables 1 and 2 , the anti-inflammatory compounds found in the genus include mainly coumarins, sesquiterpene lactones, and essential oils. Barrelierin (17), artemalin (18) , and barrelin (19) from A. barrelieri, and desoxyvulgarin (15) (obtained by reduction of barrelin with zinc and acetic acid) exhibited anti-inflammatory activities. Investigation of the structure-activity relationship showed that the amethylene-y-lactone moiety was not essential for the antiinflammatory effect, but alterations in other parts of the molecule affected the activity substantially (20) . Antipyretic a-and J3-santonin (13 and 14) and arsubin (20) caused a decrease in rectal temperature of rats in a way similar to doparnine (23) . The sterol 24-ç-ethylcholesta-7,22-dien-313-ol (79) was found to be antipyretic (7). However, more pharmacological attention is desired for assessing the potential as antipyretic agent(s). applications as hemostatic agents in traditional Chinese medical practice. Acidic polysaccharides from A.apiacea and A.princeps were shown to be anticoagulant (50) . However, this investigation needs to be continued for the pharmaceutical potential of these products.
Spasmolysis and antianginal
Scoparone from A. capillaris was found to be a competitive antagonist of nor-epinephrine like nitroglycerine (29) . But the mode of action and structure-activity relationship are to be highlighted. Furthermore, some flavonols like 30, 32, 44-46 also possessed spasmolytic activity (5, 45, 46) . The results are not comparable since they were obtained on different models. Moreover, sesquiterpenes such as 6 and 9 were anti-spasmodic (54). More studies are needed for an insight into the mechanism and the structure-activity relationship.
Antiulcerogenic and choleretic
The guaianolide dehydroleucodin (7) from A. douglasiana was protective against gastric ulceration whereas deacetoxylmatricarin (8) from A. mendozana did not show any cytoprotective activity. Further comparative studies indicated that the a-methylene-y-Lactone unit was essential for the activity (41).
As to choleretic substances, scoparone (62) , artepillin (65), capillartemisin B1 (66), and artepillin C (67) from A.capillaris were shown to be choleretic in Wistar rats (31) . These findings rationalized that A.capillans, called "Yingchenhao" in Chinese, is being often used for choleretic purposes.
Anticomplementary
Two acidic and three neutral polysaccharides from A. princeps were found to be anticomplementary. The two acidic ones had a rhamnogalacturonan main-chain which was mostly substituted with arabino-3,6-galactan and arabino-4-galactan at position four of rhamnose. Furthermore, the mode of action of the anticomplementary acidic heteroglycans has been also investigated (51).
Antioxidant
Antioxidant constituents characterized from Artemisia species were in most cases phenolic compounds. Chlorogenic acid (70) from A. iwayomogi was recently disclosed to possess an antioxidant activity comparable to that of [-ascorbic acid (44).
A comparative study of its analogues such as 71-73 is desirable for their potential antioxidant activities.
Analgesic, antidiabetic and antiparasitic
The information about the constituents having these activities is quite limited (Tables 1 and 2 ). What has been reported so far concerning these aspects are preliminary results such as bioassay of fractions (or even extracts) and ordinary phytochemical analyses.
Enzyme regulator
The enzyme regulators found in Artemisia species are mainly 
Allelopathy
The allelopathic chemicals detected in Artemisia species are acetylenes, mono-and sesquiterpenes. Artemisinin and its semi-synthetic analogues such as 2 were shown recently to be plant growth inhibitors (85) . This work demonstrated the possibility that artemisinin-related compounds can be used as agricultural agent(s) such as herbicide. Capillin (77) from roots of A. capillaris was found to be a seed (millet, cabbage, pansy and carrot) germination inhibitor (35). In contrast to the growth inhibition, capillarol (68) from A.capillaris promoted at 5 x io M rice root growth to 180% of the control (36) . Since the side chain of 68 is quite similar to that of abscisic acid, it could be postulated that the aj3-unsaturated carbonyl moiety is involved in the plant growth promotion activity.
Conclusions
The growing significance of natural products in drug discovery and development is obvious as illustrated dramatically by Cragg et a!. (93). In morphology, the Artemisia genus is endowed with head-like inflorescences and is considered to be one of the most evolutionary taxa in the Dicotyledonae. This advancement in taxonomy may increase the chemical diversity as the advanced species may synthesize more complex (cyclized, rearranged and/or oxygenated) secondary metabolites (1). This hypothesis has been reinforced by the reported phytochemical results describing the presence of diversified constituents in the Artemisia species. As the investigation continues, this genus may prove to be a richer source of lead compounds needed for the development of new chemotherapeutical and/or agricultural agents.
However, most of the reported biological studies of Artemisia constituents and extracts were carried out in vitro. Mean-while, a lot of isolates from the genus have failed when tested biologically. More biological and chemical attention is highly desired.
